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Calibration Method for System Constants of Horizontal Detection
Fluorescence Lidar

Zhang Yinchao, Ma Yangcheng, Chen Siying, Chen He ', Guo Pan, Tan Wangshu,

Li Daoming, Yang Xian

School of Optics and Photonics, Beijing Institute of Technology, Beijing 100081, China
Abstract Horizontal detection fluorescence lidar 1s an effective tool to observe atmospheric organic aerosols, and the
calibration of its system constants is the key to obtaining the concentration of organic aerosols with fluorescence echo
signals by inversion. A calibration method for the system constants of horizontal detection fluorescence lidar based on the
fluorescence-Mie scattering echo signal intensity ratio is proposed. The proposed method uses the fluorescence-Mie
scattering echo signal intensity ratio attained by horizontal detection and the aerosol concentration data measured by the
particle counter at fixed points to obtain the system constants of the lidar, and thereby reduce the influence of the system
geometry factor. The accuracy and stability of the proposed method are verified by a comparison with the traditional
calibration method in the numerical calculation. Its feasibility and effectiveness are proved by a practical calibration
experiment with a fluorescence-Mie scattering dual-channel lidar for horizontal near-field detection. The results show that
the proposed method not only can effectively reduce the influence of the geometrical factor on calibration accuracy, but also
offers better stability.
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Fig. 1 Flow chart of system constant calibration
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Table 1 Parameters used in simulation

Parameter Value
Laser wavelength A, /nm 355
Beam divergence angle 6, /mrad 0.1
Telescope aperture D /mm 120
Telescope field of view ¢, /mrad 1
Geometric factor £(z) 1
Detector quantum efficiency y /% 21.24
Background light noise N, /s ! 10¢
Dark noise N, /57' 10°
Molecular extinction coefficient a,,( A,) /k[rfl 6.5 X 1077
Mie backscattering cross section S, /(m*+sr™ ') 107"
Fluorescence backscattering cross section 10-5
S./(m*sr )
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Fig. 3 Results of aerosol concentration distribution inversion obtained by using simulated concentration data from three different

locations. (a) Concentration distribution curve of target aerosol; (b) result curve of target aerosol concentration retrieved from

data at 140 m; (c) result curve of target aerosol concentration retrieved from data at 147 m; (d) result curve of target aerosol

concentration retrieved from data at 149 m
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Fig. 4 Comparison of inversion results of target aerosol concentration using two different methods. (a) Simulated concentration

distribution curve of target aerosol; (b) result curve of target aerosol concentration obtained by inversion; (c) partial enlarged

view of area A in Fig. 4(b); (d) partial enlarged view of area B in Fig. 4(b)
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Fig. 6

Influence of geometric factor variation on inversion results of two calibration methods. (a) Relationship curve between geometric

factor and distance when deviation between laser emission optical path and optical axis of telescope is 1. 2 mrad; (b) error curves

of target aerosol concentration retrieval based on two calibration methods under different signal to noise ratios

MIEL6 Rl DL LA PR A ok 72 Sk 7 o
TEJT WP TS E DA BT 45 2R A S 0 2 B TN Y

I MR 220 E , FUAE bR 2 B A XL G b e 1k, iR 25
/448 X 10" L', MIE 6(b) Aol LLFE Y, 1R 25 b

1828006-6



F42% F 18 H1/2022 &£ 9 B/RZFFR

T T P 0 £ TR Ly 3 AT 39 O, 3 R DR A G I R
25 2 M AR LA PR L TR 2 e Ay o JLART AT 5 A S f
A [ 900 15 45 9 88 LU O R D0 B0 3k At 5 ORI A Y
VR BE /N T ECICARL , 00 7 R IR L IR B AR B i A
H 2 A A% 90 5 5 5l BE A T R T, 5 R 22 AR AR A IR
FE XN

TEWOE T KA S PRl H b iy T HURR 3 T AR R
S5 D RO B O 1 45 Y R R AR 28 AT JLAT A
TR A A B B DL, PEAE AR E 125 3 SO K AE S
R = W W N5 VW Y (1S B R 7 9 - AL LI S
b 45 R EMER R TR T

4 RGhE SRS

Sk B UE BT B AR A O I I SE PR AR R — £ KR
BN FOETE R AT . RO IE R Gk HF
Wi kW, BERSHMELIRR ., #H -6
AeroTrak 9306 B 3145 2% B & WO 7 15 70 b &
SEEG R HEBR K IR T, AR R T RO R TR
SR - BB R R AR EE SRR
U FIE RS . LA — DK 50 m % 2. 5 m Yk
Kam 8 N IEAT , R T B R T AR A RN K Hi A
FRSALAR AT 5 m BN B AL . SEER I s anE 7 R .

I 20 m— »|
| 15m ;I |
| particle counter —> ~|Kdesiccator |
|
|l
I * aerosols
laser beam
lidar aerosol generator

K7 SLsdgson BIE

Fig. 7 Schematic diagram of experimental scene
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